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Abstract

An Isolated Muon Level 1 Trigger is proposed to reject muons from decays ofb andc-quarks preserv-
ing high efficiency for muons from heavier objects. It is shown that the proposed algorithm is feasible
and significant rejection factor (3-10) can be achieved. A similar algorithm can be applied at High
Level Triggers.
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1 Physics motivation
One of the main backgrounds for the muon trigger at LHC are decays ofb- andc-quarks. They dominate single
and double muon rate over wide range of transverse momentumpt values (see Table 1). The effect is even more
pronounced after the First Level Trigger (L1), because of its finite momentum resolution.

dominant particle rate dominant L1 trigger rate
pT range � source pT range � source

1-4 GeV �;K 1-4 GeV �;K

1 � 4-30 GeV b; c > 4 GeV b; c

> 30 GeV W

2 � < 15 GeV b; c < 30 GeV b; c

> 15 GeV Z0 > 30 GeV Z0

Table 1: Dominant single and double muon rates for variouspT intervals.

It is very difficult to reject this background, because these are real muons, pointing to the interaction vertex, often
having rather high momentum. The only difference, compared to muons from decays ofW -boson or new heavy
objects is, that muons fromb andc decays are produced inside jets. This property can be exploited by the trigger.
It can be checked whether a muon is surrounded by hadrons. The aim of the present study is to define isolation
criterion, that are possible to implement at the First Level Trigger, and to simulate its performance.

The subject is difficult, because it involves a combination of calorimeter and muon trigger data. It requires de-
tailed simulation of jet development, calorimeter response and muon trigger algorithms. Preliminary results were
obtained in 1996 with a simplified simulation [1]. The results were encouraging and the study was continued with
a full detailGEANT/CMSIM simulation [3]. It is described in the following sections.

2 The algorithm
An isolated muon trigger algorithm should check whether there was a significant energy deposit in a calorimeter
around a given muon. The muon can be considered as isolated if the energy in a certain window is lower than a
threshold. The threshold value should be optimised for a high signal to background ratio.

A possible implementation of the isolated muon trigger at L1 should involve both calorimeter and muon trigger
processors. The Calorimeter Trigger operates inregionsof �� � �� = 0:35 � 0:35. A quiet bit is assigned to
each region and it is set if the transverse energyET deposited in this region is below a threshold.

The Muon Trigger provides a list of up to 4 muon candidates. For each candidate itspt, � and� is given. The
Global Trigger can use this information to find the corresponding calorimeter region and check whether the quiet
bit is set or not. If the region isquietthe muon is labelledisolated.

One calorimeter region is too small to contain an entire jet. Therefore we also consider algorithms based on
information from several regions. For this purpose one has to combine quiet bits from several regions. The muon
is isolated ifall the regions in the window around it are quiet. We consider four window sizes:

� �� ��� = 1� 1 regions
� �� ��� = 1� 2 regions
� �� ��� = 2� 2 regions
� �� ��� = 3� 3 regions

The algorithms described above are illustrated in Fig. 1.

3 Simulation
Two physics processes were chosen to represent the signal: inclusive W production and superymmetric A0 higgs
boson production. The mass of the A0 was set to 200 GeV. For the background we considered the most difficult
case, namely the b̄b pairs. Both signal and background events were generated withPYTHIA 5.7 [2]. Simulated
production mechanisms for W and A0 are given in Table 2. Four b̄b samples were produced with different cuts on
colliding partons and muons (see Table 2). The W and A0 bosons, as well as B mesons, were forced to decay into
muons.
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Figure 1: Various isolated muon trigger algorithms.

W production A0 production bb̄ production
� = 4:8 � 10�05 mb � = 3:0 � 10�12 mb MSEL=5

process MSUB process MSUB p̂T > p
�
T > �

fifj !W� 2 ff ! A0 156 10 GeV 5 GeV 1.73�10�02 mb
fifj ! gW� 16 qq ! A0 157 30 GeV 15 GeV 5.53�10�04 mb
fifj ! 
W� 20 gg ! qqA0 186 40 GeV 20 GeV 1.95�10�04 mb
fig ! fkW

� 31 qq ! qqA0 187 50 GeV 25 GeV 8.49�10�05 mb
fi
 ! fkW

� 36

Table 2: Simulated processes (f stands for fermions).

The detector response was simulated withCMSIM 114 [3]. Only the barrel calorimeter was used, which extends
up to j�j = 1:5. In order to contain the sliding isolation window in the barrel we have used only muons with
j�j < 1:055. Each generated sample was passed through the detector twice for two different luminosities. For
L = 1034cm�2s�1 a number of pileup events were superimposed (25 on average), whereas forL = 1033cm�2s�1

no pileup was added.

4 Results
The muonpT spectra for both signal and background are shown in Fig. 2. The distribution of energy deposited in
the calorimeters around the muon track is given in Fig. 3 for different cone radiaR =

p
(��)2 + (��)2. One can

see that the energy around muons from W and A0 decays is small and it is well concentrated. In the case of bb̄
events the energy deposited around the muon is much larger and distributed widely.

The trigger hardware can only look at calorimeter regions of�� � �� = 0:35 � 0:35. We have considered
algorithms based on1� 1; 1� 2; 2� 2 and3� 3 regions. The muon is labeled asisolatedif the energy deposited
in each of 1, 2, 3 or 9 regions is below the threshold. This is equivalent to taking the maximum energy among
all considered regions and comparing it with the threshold. The distibution of this maximum energy for the four
algorithms is shown in Fig. 4 for low and high luminosity.

There are two important parameters of the algorithms to be optimised: energy threshold and the size of the isolation
window. Too low a threshold would remove too much signal, whereas too high a threshold would accept too much
background. Window area much smaller than a typical jet size makes the background indistinguishable from
signal. A large window size causes accumulation of noise and pileup energy which may mimic a jet. All these
dependences can be seen in Figs 5 and 6 which show the fraction of accepted signal and background events as a
function of the energy threshold for different window sizes at low and high luminosity. For the case ofA ! ��

decays the efficiency is calculated for each muon independently.

2



10
-2

10
-1

1

10

10 2

10 3

10 4

0 20 40 60 80 100 120 140
muon p T (GeV)

σ µ 
(p

b/
G

eV
)

0

1

2

3

4

0 20 40 60 80 100 120 140
muon p T (GeV)

σ µ 
(p

b/
G

eV
)

0

20

40

60

0 20 40 60 80 100 120 140
muon p T (GeV)

σ µ 
(1

0-6
fb

/G
eV

)

1

2

3

4

5

0 2 4 6 8 10 12 14 16 18 20
energy (GeV)

ra
di

us
 a

ro
un

d 
µ 

fr
om

 b

1

2

3

4

5

0 2 4 6 8 10 12 14 16 18 20
energy (GeV)

ra
di

us
 a

ro
un

d 
µ 

fr
om

 W

1

2

3

4

5

0 2 4 6 8 10 12 14 16 18 20
energy (GeV)

ra
di

us
 a

ro
un

d 
µ 

fr
om

 A
0

Figure 2: MuonpT spectra. Figure 3: Distribution of energy deposited in a cone
of radiusR =

p
(��)2 + (��)2 around a muon.

As an example of possible settings for the isolation algorithm we have chosen the energy threshold such that it
preserves 90 % efficiency for the A0 muons. This usually corresponds to>95 % efficiency for muons from W
decays. The threshold values are given in Table 3. The fraction of accepted background events for those thresholds
is shown in Fig. 7.

The best performance is obtained with the2� 2 algorithm. The algorithm is not very efficient in rejecting lowpT
muons, because they are accompanied by rather low energy jets. However, for muons withpT above 15-25GeV
one can achieve an additional rejection factor of 3-10 over the nominal muon trigger.

5 Conclusions
The isolated muon trigger can be used to suppress the c¯c and b̄b background. Several algorithms have been
simulated. The best performance is obtained with the algorithm based on2� 2 calorimeter regions. It was shown
that the algorithm is feasible and significant rejection factor (of the order of 3-10) can be achieved at the expense of
a 5-10 % loss of the signal with respect to the muon trigger without this algorithm. Similar, but more sophisticated
algorithm can also be used for the CMS High Level Triggers.
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Figure 4: Distribution of energy deposited around a muon for different sizes of the isolation window atL =
1033cm�2s�1 (left) andL = 1034cm�2s�1 (right).
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Figure 5: Fraction of accepted events as a function of energy threshold at low luminosity. The upper and lower
curves with error bars represent the W and A0 signal respectively. The four histograms in each plot correspond to
muons from b-quark decays withpT > 5 (the highest histogram), 15, 20 and 25 GeV.

ET threshold
algorithm �� ��� L = 1033cm�2s�1 L = 1034cm�2s�1

1� 1 0:35� 0:35 6 GeV 7 GeV
1� 2 0:35� 0:70 6 GeV 7 GeV
2� 2 0:70� 0:70 6 GeV 7 GeV
3� 3 1:05� 1:05 7 GeV 8 GeV

Table 3: Muon isolation thresholds for different algorithms.
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Figure 6: Fraction of accepted events as a function of energy threshold at high luminosity. The upper and lower
curves with error bars represent the W and A0 signal respectively. The four histograms in each plot correspond to
muons from b-quark decays withpT > 5 (the highest histogram), 15, 20 and 25 GeV.
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Figure 7: Fraction of accepted background events as a function of muonpT cut.
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